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(54) D/A CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: Jo reduce influence exerted 
to conversion accuracy by the variation of transistor 
characteristics due to a manufacture process by circuit 
constitution and to improve a linearity error and a 
differential linearity error. 

SOLUTION: The (8 x 8) pieces of current source cells 10 
for constituting a matrix-like current spruce 1 1 is 
arranged separately in two groups. The transistors of the 
respective current source cells 10 respectively 
constitute a current mirror circuit by a first reference 
transistor 12A in a first block 1 1 A and a second 
reference transistor 12B in a second block 1 1B. That is, 
since the current value of the respective current source 
cells 10 is controlled by the reference transistors 12A 
and 12B provided for the respective groups, even when 
the variation of the transistor characteristics due to the 
manufacture process is present, the influence exerted to 
the conversion accuracy by the dispersion is 
substantially reduced compared to the conventional 

constitution that has only one reference transistor for the entire current source cells. 
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7 ? *L/c{f-5f , lout ^liffi^Sf, V b i a s 

[0005] s«SKis-fe;i/ 1 0 tt^ft-ehfciftffi***?- 
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LtC^ Q »««W-fe;H0tt, (3#XK Yp j 4 Y 

lout fctffcfrr S. 
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5 2JcA^$ni) 0 Xf3-^5 lfc^Yf^-^S 
2CC^^r^n- KS*ifc{l#tt, 7^5 3, 5 4CC 
ctot7 ? 7^£ft/cf£, ff^-X i , Yp j , Ysj ( i 
= 0-7) iorvh y^XJKS86«5 0tcA*3fi 

£ c y ^xtt«ssaa5 ok, Ai?n/crr^^ 

^-^D0-D5©ffi^jSL/c<@^©mSfe®-!2^1 0 

nstixmftmtNff- iout ^ea^ewrffiss 5 
am, *ism*«8T- iout ©^be^tt^p ^m-^s a 
tuxmtiztiz (msftrnm 51210 6## 
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sio^a ^ii Accfcc^r, «mieaa-feii/ 1 o 

J&fcfTTS Y 5^i>X* tWZ \ <DWmb 5>V>X* 1 2 A 

0, $2©^a -^11 Bccfcc^r. Stilts l o 
**W-TS h7>^^iI2©l$h7>^^^ 1 2 B 
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vb2iig2o^D^i i Bcc*5ws^2<Dasfcaa^^ 20 
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[0 02 2 ] 5 1(lXf^-^ 5 2«Yf3- 

^ 5 3, 5 4tt7?^ 5 5«m^fi^tg!rL, DO- 
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«ij(tiB-fe;l/ 1 0©rt»»fiS4StHr*S o 02*okT 
<fc5te, »Wt«-feJl/10tt, PMOS3^6tt4«Sfc« 
ch ltd h ^>^X£ 10 a, f&Siaggl 0 b X 

^-^io cifArc^. UliKi o bit ff-^x 

i , Ypj, Ysj Kct^rattflBfciB-fe^ 1 0#«iS 

1 0 a%SSn*«SK I tfWSfcffi^SH 1 lout tcm^3 40 
*i£cfc5, X>f 1 0 cfcWSSIffllT*. */c»7-V 
bit Sl^D^l 1 A<c*y»4«6iB^H 0«c 

<D~7U v2\\ BICteW ZmffiLM-bfr 1 0 fC"OC>Ttt» 

2 0lSI^V7XlESi 1 Vb2(!:, -S-fi-ettgSRS 

«iftjH-fe^U 1 0 CD h 5 $ 1 0 a <bH 1 (DSig h 5 
>5>X* 1 2 AiCCcfcoT^U> h 5 ^-HBjWftiRS 
920^0^1 1 B*cteWS#«iftffl^;Ul 0<D 

1 0 a tm2<D&Wb : 7>i'X$ 1 2Bi 50 
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2c*640, ntflffidBR 2 1 <fc o r £>&3 ti 
/cS**«« I 0 £SCC , m 1 feet tfS 2 CDS« h ^ 
>^^?12A, 1 2B{C»|£t^ClSl b 1, I 
b2£«l£ir£lfU(D#U>h^~0B, 2 3, 2 4 
l*£tt*ft2ffl©NMOS 2 3 a. 2 3 b 4c5 <fcO'NMO 
S24a, 24 b*>6&0> *1 *5j:Cffll2(0» 

ih7>^X^12A, 1 2B«:*tl€ t tl*H£UTHW 
6ft/c»2©#U> M5H3Br*4 0 S2(D^7l/> 
h5 7-0S2 3tt, Wl©#U>F5 7-HB2 2 3&> 
b l^iU, t©«Slbl<D 
ffiKj£DTm©**£F^>^X£ 1 2AOl»I a 1 

iBfjenccwan-*. — »2<z>*u>h 5^~hb 

2 4«, *l©*7U>M9-HB2 2;fo6«teSftfc 
tt%I b 2£A;*J<!:U CCDmiS I b 2 OfitCCtt t;rH 
2 ©Sin h7>^ £ 1 2 B©*«S I a 2 *BfSffiK:ftO 

arr*. 

[ 0 0 2 5 ] W 1 <Otf U> h ^ ^-0882 2 CCfcOT, 
PMOS2 2b, 2 2c»F7>^^1f>fX^fl< 

I b 1 = I b 2 

T'&£ 0 S/c, — ^CD^2CD^7U>h 5-7-I5IB2 3£ 
M«NMOS2 3a, 2 3 b © Y 5>S?X 4 X 

ttt, mx®m2<D#\s>b$5~®ffi2 4zffimT2> 

NMOS24a, 2 4 b <D h ^ XJt&&9 
I a 1 = I a 2 

[0 0 2 6111 CC*-T*WII»I8CC«4 D/ASHfca 
HI 3K^Ttie*OD/Aa8lBi»*W«:«HI« 

ecttfws. rat)*. A*3tifcf-f ^dr^-^D 

0-D5(D^, Tfi3t , ^D0-D2^Xf3-^ 
5 1 tCA^^n^ii^CC. ±{43 t* * h D 3-D5^ 
Y-r3i-^5 2tcA^$n4 0 Xf3-^5 1*y<fc^Y 
2fCj:ot7 :: 3- K^n/cft-^^, ^^^5 
3, 54CC£^T5 ->^$n/cfg, fi#X i , Yp j , 
Ysj ( i = 0-7) h VfXVtmWiMl UC 

A^j^n^o vh';^x«m?jf£^i ns, Aisn/cf 

«S6«BP»3tir*8Sffl^ffl^ I ou t^6ffl^ftSfJS 
tS5 5 CC'dfctl, ^mtimf lout (DlE^Ttu^ 

fi-^saiurffi^f^n^o 

[0 0 2 7 ] J£JT, *^ffiJK«CC^4 D/A^jftS<D* 
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-r«cb%««««-b^ ion v f u ^^t*«ssaa i 
frc^«ift85Hz;i> i o tc*jc*r . x^^ioc 

£ 1 0a^6«8HH*aST- 1 o u t KflfchSCifcSB* 

W5i«*«3W*>^SJBff*aAfe»^K*t»rfcH^ io 

[0028] ^ h 'J ^ Xttttz&fll 11,50 <£>&«ffi« 
-fed/ 1 0©«SSffi (H2«c*j»-S«« I ) SBS^n 

Ig^i •> * > yxa*«l*f W 4 7'n -fe * tf 6o £ Kg 

«U*@C9f#4. 20 

iHHz;!/ 1 0 comWiBoift^m? m~C$> *) > (8X8) 
ffiCD«8fc»-feJU 1 0#$M&Lfc^ h y ^^tK«atffi5 0 

{c*jc^r, &nwtM-k>i i oo h^>^x*<D«Ftt#« 

#fpj CC »iR ffKC 0 T I > 4 £ O fdt^CCfc W 4 0 

0£#Ll>k<£>£U 0. 9 3iltC^„ 30 
[0030115 Cc^T<£ 5 awaSNzJU 1 0 ©«8Kffi 

^r^:?r&4o 0 6*5^^0 7 tc^-Tcfc^tc, ceo 

«^©a»iffi»14KII«±0. 0 72 LSB-C^f), H 
KttR^tt±0. 6 2 2LSBT&4. 
[0 0 3 1 ] H8tt«|»^««:ff*D/AaaftS«:*f 

8 ) <H©«i«ag-fe;i/ 1 o u fcv h y ^ *tK«SfciB 40 
^ir^-5 0 EI8K:fci>T\ H5<LPM3Kc. &mi&M-t 
[0 0 3 2 ] ftte. S lOffiS h^>^*2 1 2AIJS 

ico^ov^i 1 A<D^**cciea3nrc^<bfss 
it, tommmtm 1 7^1 1 Aft<Dmwfigue 

;no©ia«S©¥^r*4i. 04il, ^2(D^m 

h-7>^*£ 1 2BttI2O^0^ 1 1 B<D«H** 50 
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•^11 Brt©sieaa-fe^ 1 0 omwluo^v&z 

0. 9 6iLW5. 

[0 0 3 3 1 18 te^TJ: 0 «c«SKjB-fe;U 1 0 (DMmm 

H9«»»jaiitt»^*?s , r^7T?*?), Hio 

«fiJSttM^^T^7^T*4c H9*5j:Mg 1 OK 

^-r <fc ^ cc , c <Dm&<Ddkftmm&mmz ±o. 032 

LSBr*f3, B»ttKH»±0. 163LSBr& 
[0 0 3 4 ] HJiBC[)tf-#»*«. £«ift«-te;U 1 OCD^ 
4 C J/c*»iru, »i*$J:af»2©«*Sh^> 

^*12A, 1 2 B«**l**l*l fccfcO^cOr/a 
^11A, 1 1 B©««**CCiBa$*irii4fc©<!: 

a, 12 B<onmm&. *ti&-srz*ti j eti<D'7v ? # 1 
i a, ii Brt©s«*«H2^ i ocommmow-maz 

^i$h7>^X^12A, 12B%, 

ia, l l B©a«**r^<iliagSK:EgL//ciS^ 
*\ S^n ^11A, 11 B O&ffilttffiSls tcm&T 

[0 0 3 5 ] -T&3b%, #««jB-b^ 1 0 %SKti4*i« 

/c®l ^/c«lg2(D»*h^>^^^ 1 2 A. 12BtC 

^or>h^>^x^ i o eitmztttcmitcm 

OCCULT H(DSih7>^ ^6 2^^^/c^CD 

3»1*si*ffi«"r4C i^r*4. 
[0 0 3 6 ] CCO/ci*, «8MSHzJl/l 0©*«1B©86 

h7>yx^l2A, 1 2 BCD^tt^. »J^-T4fflfcDm 
ift«H2;u 1 0 <D h 5 ^«ptttc*n^tiifi^4 c 
<hCC<fc->r, D/A^ffiS0C*f-T4^P-fe^tf6o^ 

[0 0 3 7 ] StcgrmmVy^^** 1 2 A, 12B^r 

^i ia, ii Brtss/c^-e-cDifi^cciBB-r^ 

CiWot, SlSSI^H0©F7>^^10a 
<kSSIh7>^^12A, 1 2 BcbCCck^r^lS-r 
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[0 03 8 ] *fcS2g«S£«2 0 tt. mi *$<t^21© 
f2©*U>h57-iB2 2. 2 3, 2 4*iiW 

2a, 22b, 22c, 23a, 23b, 24a, 24 

p^^tceHra«Fi4©rt6o#*i*G&i*<D*r, 01 10 

&<fcD^2<D*mh^>>^£ 1 2 A, 12B*asnS 
tttlal, I a2*»f3E««:«flW<»iai'J"4Ci3W 

[0 03 9 ] (02 ©HSKJgffi) 0 1 (Dmm&f&Vk* v 

h»JW«WHll i*2ffl©»«:^"r««ELfc36s. 
3 «S±©JWc#Wfe»dT* o T & , 01 ©gOBfcJB 

[ o o 4 o ] m i i «#f&9j<z>gi 2 <Dmmjtmici%z> 6 
«^Eo3Esap*7K"r^ci ^0-c&& o m 1 1 cc^t* 20 

mJ&jmtC&Z D/ASIR«r'«, (8X8) <i<dhs 
o^i5A-i 5 DCc^r^uri^o Si ice 

fct,>T. 11-140^0^ 15A-15 Dtctt^-n 
(4X4) fflo«SfciSH2;H O^ffiKStrcfc*), 

&:/p ^15A-15 Dtc«, Bfi£fi©SjS Id- 
I c 4«n-SSl -04<£«?£ h^>^X* 1 6A- 
1 6 D#*ft*ft«»64vCl»*. SSih7>yx^ 
1 6 A- 1 6 B«-en^tlPMOSCCctoT«^^nT 
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[0 04 1 ] &:/u l 5A-1 5 mctel^T, IS 
jR-feJH 0^WT5 h^>^*£ 1 OaiSS^P^ 
fc3tfJfrf£XiB h^>^*£ 16A-1 6 DifCctot 

3 0 temm b *7 >VX % 1 6 A- 1 6 D*SMlS*aE I 
c 1 - I c 4**ti*nWffi««cTOip-r4»!»««iBr 

[00421^12 immnmm 3 0 <D*j&*^-r isb 
mx&z> 0 a 1 2 tc*$c^r , 3 1 ttsmak 1 0 

-f£gfi«Si£j£ia88. 32«51©PMOS32a- 40 

32 efrhte*), mmmm£j$Md&3 hcj^t^srs 

A- 1 6 D &ttj^£«tt«&*% Idl^Id44« 
f&tai^b> h 5^-HIS§, 3 3-3 6^f 
n2»Z)NMOS^63&:9, fro, &g«h^>^X£ 
16A-1 6 DlC^ft?ftytffcl,XWtWt>tltcm2<DX 
U> F 5 ^HsKRTC**. ®2CD^7b> h ^ ^-IilS§3 
3-36«, 01cr>^U>h5^-EI!S3 27&i6^&3 
n/cljg I d 1-1 d4^n^A^i^ A^Lfc 
®Sldl-I d4(Dffik:j£DT, >tfl£-f £B?gih^> 50 
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^x^i6A-i6 DcoKSfc i c i - i c 4 £-e*ve*i 

9f3EiBCC ©J® T -So »1(D^7U> h 2CC*j 
C>T, PMOS32b-32eW, b 5>i?X %V 4 X 

Idl=Id2=Id3=Id4 

£?c02<D#U> h ^-@B3 3-3 6£flt 

I c 1= I c2= I c3= I c4 

[ o o 4 3 ] 0 1 1 cc^-r^afijBJstc^s d/as:» 

SK» B 1 fc^Tfll 1 cD*»fi§^€»D/A^g<b 
[ o o 4 4 ] 0 l l cc^Tcfc 5 &. »; ^ ^xttliS 

^x* i 6 a- 1 6 Dicx-oxmrnztiztctb, mM?' 

a-feXCC*gH?-£ h7>^^^ttOtf6oS^t-5t 
fc, S«««42^ 1 0<D«S£ffi«*<E> F7>^X^10 
aigfCi^^/cSlgh^^^X^ 16A-16Di 

£6 2*»Wfcfi6*(Z)*a6tCi;l:^-C. h^>^Xjr»tt 

[0 04 5] a**, n i teeter 2 ©ssftjBS-rra. 6 

h«^©D/A^SCC^UTfe**IB«SS«:i8W3'r 
SCi^t't, 01*Jcfcy f m2©IUft^S8iEI«Oja* 

l§*afflL/c»^CDjl5ft««J:D^:#< a*. 
[0 04 6 ] 
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©mffiffi©#w©— m*jn'rmx'<h2>. 

[06 ] ^©D/A^»co^t, Slfflt^ 1 
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[0 8] 1 CDXflSBflttCttS D/AgSHSK: 
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